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Near-Bottom
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(Heat and Salt Fluxes controlled by flow and constituent)
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Ex: Interannual Variability in Heat Flux

A3Transport

N

A3Temperature

A3HeatFlux

No AEC

=y

1Lm: EEEE

A

[o2]

Temp(degC)

o

~

N

2001 -

pood © G o A0

NG ACC, o surface layer .

TJFMAMJJASO
2

NDJ

JFMAMJ JASONDJ

JFMAMJ JASONDJ

No ACC

-

(=]

;2004
JEMAMJJASO

NDJ

[o2]

Temp(degC)

(=)

~

N

2004 |

e

2004 G

No Acd or sﬁrfécé Iafyei ¥

JFMAMJ JASONDJ

-10

JFMAMJJASONDJ

? g ATe

-

(=]

12005 ;

W

JFMAMJJASO
2

NDJ

[o2]

Temp(degC)

6

~

N

(=]

005

—
JFMAM

JJASONDJ

Heat(TW)

30

20}

1

(=)

-10

(=]

o5 G L]

No ACC of surface layer ¥
JFMAMJJASONDUJ

N ACC

-

q2000 G

TJFMAMJ JASO

NDJ

Temp(degC)

(=]

N

N

poo7 @ ©

Heat(TW)

= N
o o O

OO 7. o

No ACC of surface layef .

JFMAMJ JASONDJ

4
JFMAMJ JASONDJ

2001

1 o)

2004

H {High)

| 2005
- |{Low)

| 2007
_ | (High)



Chukchi Sea Circulation:
Flow influenced by bathymetry (important ecosystem implications)

Outflows feed the shelfbreak and head EAST
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Ice retreat linked to Bering Strait influx and flow paths
(most of the time. . .)
Configures ice-edge ecosystems and habitats

S= Herald and
Hanna Shoal

68°N--

~June 20,2009 |

_I:tl—mC[%]
0 2 5 75 100

Ilce Concentration

NMSR -E, Universitat Bremen

66 o N - \/

- s », 5 rr
175°W- ‘ | g
- | | v
' ‘ _____,,,,,,,,J‘ ~ o (

T T
170°W 165°W 160°W 155°W



Easterly winds can “open”
NE Chukchi early in some years
wowoo | A polynya without freezing?
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NE Chukchi Sea is like a mini-ocean with some of the familiar distinctions between
surface and “deep” water.
Sediment regeneration versus advection?

Trefey et al.



NE Chukchi Sea: Sediment chemistry and biology strongly linked to sediment
texture (grain size).
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NE Chukchi Sea: Sediment Total Organic Carbon (TOC) patchy distribution, follows texture,

subject to future shifts from coastal erosion and changes in primary productivity.

Sediment concentrations of Aluminum and trace metals follow sediment texture (grain

size) and TOC
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Coastal Beaufort Sea: Very patchy sediment texture; however, good correlations among
sediment chemical (TOC, metals, organic substances) and biological parameters as for the NE
Chukchi Sea.

Trefry, Trocine, Cooper (2012)



NE Chukchi Sea: Based on stable C isotope data for OC (organic carbon) in sediment, we can
calculate the % terrestrial and % marine organic matter.
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More Mesoscale Variability Than | thought

September 13 - 16, 2010 September 17 - 20, 2010
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The Alaskan Beaufort Shelf (ABS)

600 km
< >

Chukchi smith Beaufort Sea
Sea Bay

Bay

L R | o

Dinkum _ camden /

72°

71°

ackenzie 70°

L meade T T < iy
- River f’j = 5 e 1 ' q ol
S = . .” u arui( Canning ‘ N ol 69°
S Colville River RII?VGI' Rivier Kongal:i/j A . 4N
=4 |4+ River=" | ; e
; agavanirtok | Canada \' .
§ W AlGSkG ngver : M\acke Q - 68
Sy LS | o> '-. - \River 3
T ,\\ — — T ’1’ - = y
160° 155° 150° 145° 140° 135°
Water §ou rces: | . i i i 2‘,’0
Chukchi*, Shelfbreak*, Mackenzie Shelf, Rivers e o | °0
: ' p
(*Nutrient sources) 0 100 200 t o
1000
5000

Exchange Mediated by Winds, Ice, Rivers,
Shelbreak density/velocity structure



35

30

Salinity
Salinity

/
|
|

|

|

|
S
25
25

o
|||
S
Salinity
Depth (m)

/
|
F

152°W
-

|
l
S
Salinity
/
g
f

154°W
154%W
B
|
|
|
|
|
25

|

|

|

|
25

|

|

:
20

20

156°W
0
156°W
{
0
}I
@
|
i

L~
158°W

iI
Chukchi Shelf
,/-
N
vy
0
[ ]

158°W

_. \

\
NeO'ZL N9 tZ  NeZ bl

Salinity
Salinity

!

{

|

|

|

|
3

25

— .
T8
———
—_ ——— 13
—

|
|
|'
;
|
i
20

(Okkonen et al.)

(De) @smosadwa) (De) @smosadwa)

Salinity



150°00'W
1

July 2007
Plume Spreading Speed: 8 cm/s

Rl e Heat Flux: ~100 Wm? (2.5cm d?)

Solar Radiation: ~200 W m

~ Are these plumes self-sustaining?
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Depth (m)

Summer is complex!!!

Potential temperature (color; °C) overlain with
salinity contours

0 10 20 30 40 50 60 70 80 90

Distance (km)

-1.80 -1.50 -1.00 0.00 1.00 200 225 250 275 300 325 350 375 400 425 450 500 6.00 7.00

1. warm, fresh, river water
2. mid-shelf cold pool,
winter remnant
3. shelfbreak eddy of Chukchi
winter water
4. Mackenzie River plume
spreading westward;
5. cold Chukchi winter water
6. warmer Chukchi

summer water.



Winter is too and largely related to ice distribution

Landfast Ice (immobile)
Partial Ice Cover (“free drift”)
Total Ice Cover



Landfast ice or Tuvaq — occupies 20% of ‘interior’ shelf area

%{[ult}geay{sea ice
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(Craig George, pers. comm.)



The Annual Cycle: Ice Thickness, Ice Set-up & Alongshore Currents
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Annual cycles: river runoff, ice, temperature, salinity, transmissivity
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Rotated Wind (m s’ 1)

ADCP Bot. Trk. Rotated Current (cm s’ b}
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Open water Partial ice Full ice
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Storm Composites
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Typical upwelling sequence:

1. Aleutian low results in easterly winds in the Beaufort Sea

170", —— —
W 160°W !

2. Eight hours later the shelfbreak jet reverses
3. Ten hours after that upwelling commences

Upwelling response depends significantly on ice cover

Strongest for partial ice, weakest for full ice

4-5 storms can flush the entire Alaskan Beaufort shelf!!!!




Summary

1. Bering Strait & Sea (the Pacific Signature):
Key to many of the physical and biological features of each shelf
Chukchi and Beaufort an ecosystem continuum with the Bering

2. Chukchi Sea: bathymetry is crucial to the circulation, ice, and
property distributions
Mesoscale variability may be more important than we have thought.

3. Beaufort:
Pacific influence imparted through exchange with Chukchi in the western

Beaufort and along shelfbreak but sensitive to winds and ice distribution.

Arctic rivers and Mackenzie Shelf (& river) important at least seasonally



